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SEMICONDUCTOR LIGHT EMITTING
ELEMENT

CROSS-REFERENCE TO RELAT
APPLICATIONS

T
»

This application 1s based upon and claims the benefit of
priority from Japanese Patent Application No. 2013-143085,
filed on Jul. 8, 2013; the entire contents of which are incor-
porated herein by reference.

FIELD

Embodiments described herein relate generally to a semi-
conductor light emitting element.

BACKGROUND

White light 1s obtained by combining a blue LED (light
emitting diode) that emits blue light and a fluorescent sub-
stance of yellow, red, or the like, for example. Such white
LEDs are used for i1llumination, and energy saving etlect 1s
expected.

A nitride semiconductor 1s used for the blue LED, and a
quantum well structure of InGaN/GaN, for example, 1s used
for the light emitting layer. Since the lattice constant of
InGaN 1s different from the lattice constant of GaN, the qual-
ity of the InGaN crystal layer may be degraded and the light
emission eificiency may be reduced, depending on the fabri-
cation conditions of the quantum well structure of InGaN/
GaN. It 1s desired to provide a semiconductor light emitting
clement with a high light emission efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a graph illustrating characteristics of a semicon-
ductor light emitting element according to an embodiment;

FIG. 2 1s a schematic cross-sectional view illustrating a
semiconductor light emitting element according to the
embodiment;

FIG. 3 1s a schematic view illustrating the semiconductor
light emitting element according to the embodiment;

FIG. 4 1s a schematic view 1llustrating a semiconductor
light emitting element of the reference example;

FIG. 5 1s a graph 1illustrating characteristics of semicon-
ductor light emitting elements;

FIG. 6A and FIG. 6B are schematic diagrams 1llustrating
the band gap energy of semiconductor light emitting ele-
ments;

FIG. 7A and FIG. 7B are graphs illustrating characteristics
of semiconductor light emitting elements;

FIG. 8 1s a graph illustrating characteristics of semicon-
ductor light emitting elements;

FIG. 9 1s a diagram 1llustrating the result of X-ray difirac-
tion (XRD) of the semiconductor light emitting element;

FI1G. 10 1s a photograph 1llustrating an observed image of a
transmission electron microscope of the semiconductor light
emitting element;

FIG. 11 15 a diagram 1illustrating an emission spectrum of
the semiconductor light emitting element;

FI1G. 12 15 a graph 1llustrating characteristics of the semi-
conductor light emitting element;

FIG. 13 1s a schematic cross-sectional view illustrating
another semiconductor light emitting element according to
the embodiment;
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2

FIG. 14 1s a schematic cross-sectional view illustrating
another semiconductor light emitting element according to

the embodiment:;

FIG. 15A to FIG. 15C are schematic cross-sectional views
in order of the steps, illustrating a method for manufacturing
a semiconductor light emitting element according to the
embodiment;

FIG. 16 A to FIG. 16D are schematic cross-sectional views
in order of the steps, illustrating a method for manufacturing
a semiconductor light emitting element according to the
embodiment; and

FIG. 17A to FIG. 17F are schematic cross-sectional views
in order of the steps, 1llustrating a method for manufacturing
a semiconductor light emitting element according to the
embodiment.

DETAILED DESCRIPTION

In general, according to one embodiment, a ssmiconductor
light emitting element includes: a first semiconductor layer of
a first conductivity type; a second semiconductor layer of a
second conductivity type; a light emitting layer. The first
semiconductor layer contains a nitride semiconductor crystal.
The second semiconductor layer contains a nitride semicon-
ductor crystal. The light emitting layer 1s provided between
the first semiconductor layer and the second semiconductor
layer and includes a well layer with a thickness of t1 (nanom-
eters). The well layer includes In_Ga,_ N having an In com-
position ratio X higher than 0 and lower than 1. The first
semiconductor layer has a tensile strain of not less than 0.02
percent and not more than 0.25 percent 1n a plane perpendicu-
lar to a stacking direction from the first semiconductor layer
toward the second semiconductor layer. The second semicon-
ductor layer has a tensile strain 1n the plane. A lattice constant
of the well layer 1s larger than a lattice constant of the first
semiconductor layer. A lattice constant of the well layer 1s
larger than a lattice constant of the second semiconductor
layer. A peak wavelength Ap (nanometers) of light ematted
from the light emitting layer satisfies a relationship of Ap=al +
a2x(x+(t1-3.0)xa3). The al 1s not less than 359 and not more
than 363. The a2 1s not less than 534 and not more than 550.
The a3 1s not less than 0.0205 and not more than 0.0235.

Hereinbelow, embodiments of the invention are described
with reference to the drawings.

The drawings are schematic or conceptual; and the rela-
tionships between the thickness and width of portions, the
proportions of sizes among portions, etc. are not necessarily
the same as the actual values thereof. Further, the dimensions
and proportions may be illustrated differently among draw-
ings, even for identical portions.

In the specification of this application and the drawings,
components similar to those described 1n regard to a drawing
thereinabove are marked with the same reference numerals,
and a detailed description 1s omitted as appropriate.

FIG. 1 1s a graph illustrating characteristics of a semicon-
ductor light emitting element according to an embodiment.

FIG. 1 1llustrates characteristics of the semiconductor light
emitting element.

FIG. 2 1s a schematic cross-sectional view illustrating a
semiconductor light emitting element according to the
embodiment.

FIG. 3 1s a schematic view 1llustrating the semiconductor
light emitting element according to the embodiment.

First, an example of the configuration of the semiconductor
light emitting element 1s described with reference to FIG. 2.

As shown 1n FIG. 2, a semiconductor light emitting ele-
ment 110 according to the embodiment includes a first semi-
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conductor layer 10 of a first conductivity type, a second
semiconductor layer 20 of a second conductivity type, and a
light emitting layer 30. The light emitting layer 30 1s provided
between the first semiconductor light emitting layer 10 and
the second semiconductor layer 20. The semiconductor light
emitting element 110 1s an LED, for example. The semicon-
ductor light emitting element 110 may be a laser diode. In the
following, a description 1s given on the assumption that the
semiconductor light emitting element 110 1s an LED.

The first conductivity type 1s the n-type, and the second
conductivity type 1s the p-type, for example. The first con-
ductivity type may be the p-type, and the second conductivity
type may be then-type. In the following, a description is given
on the assumption that the first conductivity type 1s the n-type
and the second conductivity type 1s the p-type.

The first semiconductor layer 10 and the second semicon-
ductor layer 20 contain a nitride semiconductor crystal. The
direction from the first semiconductor layer 10 toward the
second semiconductor layer 20 i1s defined as the stacking
direction. The stacking direction 1s defined as the Z-axis
direction. One direction perpendicular to the Z-axis direction
1s defined as the X-axis direction. The direction perpendicular
to the Z-axis direction and the X-axis direction 1s defined as
the Y-axis direction.

An n-type GaN layer 1s used as the first semiconductor
layer 10, for example. A p-type GaN layer 1s used as the
second semiconductor layer 20, for example. The second
semiconductor layer 20 may further include a p-type AlGaN
layer. The second semiconductor layer 20 may include a
plurality of AlGaN layers with different composition ratios.
The first semiconductor layer 10 may further include an
1-GalN layer for the sake of convenience, for example. An
n-type GaN layer 1s disposed between the 1-GalN layer and the
light emitting layer 30. The impurity concentration in the
1-GaNN layer 1s lower than the impurity concentration in the

n-type GaN layer. The 1-GaN layer 1s a non-doped GaN layer,
for example.

The light emitting layer 30 contains a nitride semiconduc-
tor crystal. The light emitting layer 30 includes a well layer 32
(a quantum well layer). The light emitting layer 30 has a
single quantum well (SQW) structure or a multiple quantum
well (MQW) structure, for example. In the SQW structure,
the number of well layers 32 1s one. In the MQW structure, the
number of well layers 32 1s two or more. The light emitting
layer 30 turther includes a barnier layer 34, for example. The
well layer 32 1s disposed between barrier layers 34. A plural-
ity of barrier layers 34 and a plurality of well layers 32 are
alternately arranged along the Z-axis direction, for example.
The well layer 32 and the barner layer 34 contain a nitride
semiconductor crystal.

The band gap energy of the well layer 32 1s smaller than the
band gap energy of the barrier layer 34. The band gap energy
of the well layer 32 1s smaller than the band gap energy of the
first semiconductor layer 10, and 1s smaller than the band gap
energy of the second semiconductor layer 20.

InGaN 1s used for the well layer 32, for example. The well
layer 32 includes a crystal layer of In Ga, N (0<x<1). The In
composition ratio x in the well layer 32 1s higher than 0 and
lower than 1. The lattice constant 1n the InGaN crystal of the
well layer 32 1s larger than the lattice constant of the first
semiconductor layer 10 ({or example, GaN). The lattice con-
stant 1n the InGaN crystal of the well layer 32 1s larger than the
lattice constant of the second semiconductor layer 20 (for
example, GaN).

The well layer 32 has athickness along the Z-axis direction
(awell layer thicknesst1). The barrier layer 34 has a thickness
along the Z-axis direction (a barrier layer thickness t2). The
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4

barrier layer thickness t2 1s larger than the well layer thick-
ness t1, for example. Thereby, the effect of confining carriers
in the well layer 32 1s enhanced, and a high light emission
eiliciency 1s easily obtained.

In this example, the semiconductor light emitting element
110 further includes a support substrate 40, a first electrode
81, a second electrode 82, and a conductive layer 90.

The second semiconductor layer 20 1s disposed between
the support substrate 40 and the light emitting layer 30. The
conductive layer 90 1s disposed between the support substrate
40 and the second semiconductor layer 20. The first electrode
81 15 electrically connected to the first semiconductor layer
10. In this example, part of the first semiconductor layer 10 1s
disposed between part of the light emitting layer 30 and the
first electrode 81. The second electrode 82 1s electrically
connected to the second semiconductor layer 20. In this
example, part of the support substrate 40 1s disposed between
part of the conductive layer 90 and the second electrode 82. In
this example, the second electrode 82 1s electrically con-
nected to the second semiconductor layer 20 via the support
substrate 40 and the conductive layer 90. The second elec-
trode 82 may be in contact with the conductive layer 90
without the support substrate 40 between them.

A conductive material (for example, a metal or a semicon-
ductor) 1s used for the support substrate 40. A copper layer 1s
used as the support substrate 40, for example. A plated metal
layer may be used as the support substrate 40, for example. A
silicon substrate (a semiconductor substrate) containing an
impurity and the like may be used as the support substrate 40.

In this example, the conductive layer 90 includes a reflec-
tion metal layer 93, a first bonding metal layer 91, and a
second bonding metal layer 92. The first bonding metal layer
91 1s disposed between the second bonding metal layer 92 and
the second semiconductor layer 20. The reflection metal layer
93 is disposed between the first bonding metal layer 91 and
the second semiconductor layer 20.

A Ag layer or an alloy layer containing Ag is used as the
reflection metal layer 93, for example. AuSn alloy or the like
1s used for at least one of the first bonding layer 91 and the
second bonding metal layer 92, for example. The reflection
metal layer 93 1s provided on a surface of the second semi-
conductor layer 20, for example. The first bonding metal layer
91 1s provided on a surface of the reflection metal layer 93. On
the other hand, the second bonding metal layer 92 1s provided
on a surface of the support substrate 40 of copper or the like,
for example. By bonding the first bonding metal layer 91 and
the second bonding metal layer 92, the second electrode 82
and the second semiconductor layer 20 are electrically con-
nected. The semiconductor light emitting element 110 1n this
example 1s a thin film LED, for example.

By applying a voltage between the first electrode 81 and the
second electrode 82, a current 1s supplied to the light emitting
layer 30 via the first semiconductor layer 10 and the second
semiconductor layer 20. Thereby, light 30L 1s emitted from
the light emitting layer 30. In this example, the light 30L 1s
emitted from the first semiconductor layer 10 side to the
outside. In this example, a surface of the first semiconductor
layer 10 (a surface on the opposite side to the light emitting
layer 30) 1s provided with unevenness 10 p. By providing the
unevenness 10 p, the extraction efficiency of light 30L 1s
enhanced.

The thermal conductivity of the support substrate 40 1s
higher than the thermal conductivity of the stacked body
including the first semiconductor layer 10, the second semi-
conductor layer 20, and the light emitting layer 30. Thereby,
heat can be d1351pated with good efficiency, and a high light
emission efficiency can be obtained.
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The stacked body including the first semiconductor layer
10, the light emitting layer 30, and the second semiconductor
layer 20 1s formed by epitaxial growth on a growth substrate,
for example. The growth 1s performed at high temperature;
and when the temperature 1s returned to room temperature
alter the growth, stress may be applied to the stacked body
due to the difference in thermal expansion coefficient
between the stacked body and the growth substrate, for
example. In addition, stress may be applied to the stacked
body due to the difference 1n lattice constant between the
crystal of the growth substrate and the crystal of the stacked
body. In addition, stress may be applied to the stacked body
from a strain adjustment layer that applies a stress to the
stacked body. Thus, by a stress being applied to the stacked
body, a strain occurs 1n the stacked body.

In the embodiment, the first semiconductor layer 10 has a
strain.

FIG. 3 illustrates strain and stress 1n the semiconductor
crystal layers of the semiconductor light emitting element
110.

In this example, for easier description, a state where the
stacked body including the first semiconductor layer 10, the
light emitting layer 30, and the second semiconductor layer
20 1s provided on a growth substrate 50 1s described. For
example, the first semiconductor layer 10, the light emitting
layer 30, and the second semiconductor layer 20 are grown 1n
this order on the growth substrate 50.

As shown 1n FIG. 3, the first semiconductor layer 10 has a
tensile strain A13. The tensile strain 1s a strain in the X-Y
plane. The tensile strain 1s generated by a tensile stress All
being applied to the first semiconductor layer 10, for example.
Also the tensile stress 1s a stress 1n the X-Y plane. By the
tensile stress being applied from the growth substrate 50 to
the first semiconductor layer 10, the tensile strain mentioned
above 1s generated, for example.

On the other hand, the light emitting layer 30 receives a
compressive stress A31. As described above, the lattice con-
stant 1n the InGaN crystal of the well layer 32 1s larger than the
lattice constant of the first semiconductor layer 10 (for
example, GaN). Thereby, the compressive stress A31 1n the
light emitting layer 30 1s generated.

On the other hand, the second semiconductor layer 20 has
a tensile strain A23, for example. The tensile strain 1s a strain
in the X-Y plane. The tensile strain 1s generated by a tensile
stress A21 being applied to the second semiconductor layer
20, for example. Also the tensile stress 1s a stress in the X-Y
plane.

Thus, 1 the semiconductor light emitting element 110
according to the embodiment, the first semiconductor layer
10 has a tensile strain in the 1n-plane direction (elastic expan-
sion and contraction of the lattice spacing). That 1s, the first
semiconductor layer 10 has the tensile strain A13 in a plane
(the X-Y plane) perpendicular to the stacking direction (the
Z-axis direction). The tensile strain A13 1s generated due to
the tensile stress All that the first semiconductor layer 10
receives from the outside (for example, the static force
applied to the crystal), for example. In the specification of this
application, the in-plane direction 1s a direction in a plane
perpendicular to the stacking direction.

The lattice length 1n the mn-plane direction of the first semi-
conductor layer 10 (the lattice spacing in the actual crystal
lattice) 1s longer than the lattice constant of the first semicon-
ductor layer 10, for example.

In the specification of this application, the lattice constant
1s the lattice spacing in a state where no stress 1s applied to the
layer, and 1s a value determined as a physical constant. When
a crystal layer has a tensile strain, the lattice length of the
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crystal layer i1s longer than the lattice constant (the lattice
length when there 1s no strain). Conversely, when a crystal
layer has a compressive strain, the lattice length of the crystal
layer 1s shorter than the lattice constant (the lattice length
when there 1s no strain).

On the other hand, the mitride semiconductor crystal con-
tamned 1n the light emitting layer 30 has a lattice constant
larger than the lattice length 1n the plane of the first semicon-
ductor layer 10. The well layer 32 has a compressive strain
A33 (elastic expansion and contraction of the lattice spacing)
as a result of recerving the compressive stress A31 from the
first semiconductor layer 10. That 1s, the lattice length 1n the
in-plane direction of the well layer 32 1s smaller than the
lattice constant in the 1n-plane direction of the well layer 32.

In the light emitting layer 30, the average lattice constant
can be defined. The average lattice constant 1s the lattice
constant that 1s the average weighted by thickness distribution
of the lattice constant of the barrier layer 34 and the lattice
constant of the well layer 32. The average lattice constant of
the light emitting layer 30 1s larger than the lattice constant of
the first semiconductor layer 10. The average lattice constant
of the light emitting layer 30 1s larger than the lattice length 1n
the in-plane direction of the first semiconductor layer 10
expanded in the in-plane direction by receiving a tensile
stress.

In the embodiment, the crystal orientation of the nitride
semiconductor crystal layer is arbitrary. For example, the
crystal orientation (the c-axis) in the stacked body including
the first semiconductor layer 10, the light emitting layer 30,
and the second semiconductor layer 20 1s substantially par-
allel to the Z-axis direction. The (0001 ) plane 1s parallel to the
Z-axi1s direction, for example. In this case, the lattice constant
in the in-plane direction 1s the lattice spacing in the a-axis
direction (the lattice spacing when there 1s no strain), for
example. The lattice length 1n the in-plane direction 1s the
lattice spacing 1n the a-axis direction, for example.

FIG. 1 illustrates characteristics of the semiconductor light
emitting element 110.

FIG. 1 illustrates the experimental results on the relation-
ship between the In composition ratio x of the well layer 32 1n
the semiconductor light emitting element 110 and the peak
wavelength Ap (nanometers, nm) of the light emitted from the
light emitting layer 30 (the light 30L). The intensity of the
emitted light from the light emitting layer 30 shows a maxi-
mum at the peak wavelength Ap. In this example, the tensile
strain that the first semiconductor layer 10 has 1s approxi-
mately 0.13% (not less than 0.12% and not more than 0.14%).
The horizontal axis of FIG. 1 1s the In composition ratio X. The
vertical axis 1s the wavelength Ap (nm). The conditions of the
experiment shown 1n FIG. 1 and the method for finding the
values are described later.

In this example, the thickness of the well layer 32 (the well
layer thickness t1) 1s changed between 2.7 nm, 3.0 nm, 3.7
nm, and 4.2 nm.

As can be seen from FIG. 1, at each well layer thickness t1,
the peak wavelength Ap of light changes substantially linearly
with respect to the In composition ratio x. In this example, 1t
1s approximated that the relationship between the In compo-
sition ratio x and the peak wavelength Ap 1s invariant when the
tensile strain 1s not less than 0.12% and not more than 0.14%.

When the well layer thickness t1 1s 3.0 nm, the peak wave-
length Ap (nm) 1s substantially expressed by Formula 1 below,
for example.

Ap=361+542xx (1)

As can be seen from FIG. 1, when the well layer thickness
t1 1s changed, the peak wavelength Ap shifts. When the case of
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the well layer thickness t1 being 3.0 nm 1s taken as a refer-
ence, the peak wavelength Ap (nm) 1s expressed by Formula 2
below, using the well layer thickness t1 (nm) and the In
composition ratio X.

w=al+a2x(x+(11-3.0)xa3) (2)

where al, a2, and a3 are constants.

In the example shown 1 FIG. 1, the constant al 1s 361+2,
considering errors. That 1s, the constant al 1s not less than 359
and not more than 363. The constant a2 1s 542+8. That 1s, the
constant a2 1s not less than 534 and not more than 550. The
constant a3 1s 0.022+0.0015. That 1s, the constant a3 1s not
less than 0.0205 and not more than 0.0235.

Thus, 1n the semiconductor light emitting element 110
according to the embodiment, the well layer thickness t1, the
In composition ratio x of the well layer 32, and the peak
wavelength Ap of light emission satisty the relationship of
Formula 2 above. Formula 2 1s a relationship found by the
inventors of this application.

The relationship of Formula 2 1s obtained when the first
semiconductor layer 10 has a tensile strain in the in-plane
direction (a direction 1n the X-Y plane perpendicular to the
Z-axi1s direction) and the second semiconductor layer 20 has
a tensile strain in the 1n-plane direction 1n the embodiment.

A reference example will now be described in which these
semiconductor layers have not a tensile strain but a compres-
s1ve strain.

FIG. 4 1s a schematic view 1llustrating a semiconductor
light emitting element of the reference example.

As shown 1n FIG. 4, also 1n a semiconductor light emitting
clement 119 of the reference example, the first semiconductor
layer 10, the light emitting layer 30, and the second semicon-
ductor layer 20 are provided. In the semiconductor light emat-
ting element 119, unlike the semiconductor light emitting
clement 110, the first semiconductor layer 10 has a compres-
stve strain 1n the in-plane direction, and the second semicon-
ductor layer 20 has a compressive strain in the in-plane direc-
tion.

In the reference example, the first semiconductor layer 10
receives a compressive stress B11, for example. The com-
pressive stress 1s strong. Thereby, the first semiconductor
layer 10 has a compressive strain. On the other hand, also 1n
this case, the lattice constant in the InGaN crystal of the well
layer 32 1s larger than the lattice constant of the first semi-
conductor layer 10 (for example, GaN). Therefore, a com-
pressive stress B31 in the light emitting layer 30 1s generated.
In the reference example, since the first semiconductor layer
10 receives the compressive stress B11, the compressive
stress B31 that the light emitting layer 30 receives 1s very
large. On the other hand, 1n the reference example, the second
semiconductor layer 20 recerves a compressive strain B21.

Thus, 1n the semiconductor light emitting element 119 of
the reference example, the first semiconductor layer 10 and
the second semiconductor layer 20 receive a compressive
stress 1n the in-plane direction, and have a compressive strain
in the in-plane direction. Consequently, the compressive
stress that the light emitting layer 30 receives 1s very large.

In contrast, as described 1n regard to FIG. 3, 1n the semi-
conductor light emitting element 110 according to the
embodiment, the first semiconductor layer 10 and the second
semiconductor layer 20 recerve a tensile stress 1n the imn-plane
direction, and have a tensile strain 1n the in-plane direction.
Consequently, the compressive stress that the light emitting
layer 30 recerves 1s small as compared to the reference
example.

Thus, 1 the semiconductor light emitting element 110
according to the embodiment, a tensile stress 1n the in-plane
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direction 1s applied to the first semiconductor layer 10 and the
second semiconductor layer 20. This stress 1s the stress
applied from the growth substrate 50, for example, as
described above. When a silicon substrate 1s used as the
growth substrate 50, a tensile stress like the above may be
formed due to the difference 1n thermal expansion coetficient
between the silicon and the nitride semiconductor, for
example. On the other hand, when a sapphire substrate, for
example, 1s used as a substrate 55 of the semiconductor light
emitting element 119, a compressive stress like the above 1s
formed.

In the semiconductor light emitting element 119 1n which
the direction of stress 1s thus different from that of the semi-
conductor light emitting element 110, light emission charac-
teristics different from those of the semiconductor light emait-
ting element 110 are obtained.

FIG. 5 1s a graph illustrating characteristics of semicon-
ductor light emitting elements.

FIG. § illustrates the experimental results of the relation-
ship between the In composition ratio x in the well layer 32
and the peak wavelength Ap for the semiconductor light emat-
ting elements 110 and 119 mentioned above. In this example,
the well layer thickness t1 1s 3.0 nm. The characteristics of the
semiconductor light emitting element 110 shown in FIG. 5
correspond to part of the characteristics when the well layer
thickness t1 1n FIG. 1 1s 3.0 nm. In the semiconductor light
emitting element 119, a compressive stress of approximately
0.13% 1s applied to the first semiconductor layer 10.

As shown 1n FIG. 5, at the same value of the In composition
ratio x, the peak wavelength Ap in the semiconductor light
emitting element 119 of the reference example 1s shorter than
the peak wavelength Ap 1n the semiconductor light emitting
clement 110 according to the embodiment. In other words, the
In composition ratio x at which the same peak wavelength Ap
1s provided 1s lower 1n the semiconductor light emitting ele-
ment 110 than 1n the semiconductor light emitting element
119.

Thus, 1n the semiconductor light emitting element 119 of
the reference example, different relationships from Formula 1
and Formula 2 above occur. In the embodiment, a desired
peak wavelength Ap 1s obtained by an In composition ratio x
lower than that of the reference example.

For example, to obtain a peak wavelength Ap of 440 nm, the
In composition ratio x 1s 0.145 1n the semiconductor light

emitting element 110. In contrast, the In composition ratio x
1s approximately 0.162 1n the semiconductor light emitting
clement 119.

In the case where the light emitting layer 30 1s configured
so as to obtain a peak wavelength substantially equal to a
prescribed peak wavelength Ap, the In composition ratio X 1s
lower than the In composition ratio of a well layer in which
the lattice length 1s substantially equal to the lattice constant.
Thus, high crystallinity 1s obtained by setting the In compo-
sition ratio X for obtaining a peak wavelength Ap of the objec-
tive to a low value. Thereby, a high light emission efficiency
1s obtained.

Examples of the characteristics of the semiconductor light
emitting element will now be described.

When the well layer thickness t1 1s reduced, the effect of
confining carriers 1s increased. Consequently, the region
where the distribution of electrons and the distribution of
holes overlap (overlap integral) i1s increased. Thereby, the
light emission efficiency 1s improved.

However, when the well layer thickness t1 1s reduced, the
peak wavelength Ap of light emission shiits.

il
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FIG. 6A and FIG. 6B are schematic diagrams 1llustrating
the band gap energy of semiconductor light emitting ele-
ments.

In a semiconductor light emitting element 110a 1llustrated
in FIG. 6 A, the well layer 32 has a well layer thickness t11. In
a semiconductor light emitting element 1105 1illustrated 1n
FIG. 6B, the well layer 32 has a well layer thickness t12. The
well layer thickness t12 of the semiconductor light emitting,
clement 1105 1s smaller than the well layer thickness t11 of
the semiconductor light emitting element 110a (that 1s,
t11>t12).

As 1llustrated in FIG. 6 A and FIG. 6B, when the well layer
thickness t1 1s reduced, the quantum level is raised, and
equivalently the band gap energy 1s increased (that is,
Egl<Eg2). When the equivalent band gap energy 1n the well
layer 32 1s increased, the peak wavelength Ap of light emis-
s1on becomes shorter. Thus, when the well layer thickness t1
1s reduced at the same In composition ratio x, the peak wave-
length Ap of light emission becomes shorter.

Hence, to obtain a desired peak wavelength Ap while
reducing the well layer thickness t1, 1t1s attempted to increase
the In composition ratio x of the well layer 32. However, if the
In composition ratio X 1s increased, crystallinity 1s likely to be
degraded. Consequently, the light emission efficiency cannot
be enhanced sufficiently.

The inventors of thus application has focused on the fact
that the relationship between the In composition ratio X and
the peak wavelength Ap changes with the stress (strain)
applied to the semiconductor crystal layer, as illustrated 1n
FIG. 5. In the embodiment, by providing the semiconductor
crystal layer with a tensile strain in the in-plane direction, the
In composition ratio X for obtaining a peak wavelength Ap of
the objective can be reduced. Thereby, the degradation of
crystallinity 1s suppressed, and light of a desired peak wave-
length Ap 1s obtained at high efficiency.

FIG. 7A and FIG. 7B are graphs illustrating characteristics
of semiconductor light emitting elements.

FIG. 7A illustrates characteristics of the semiconductor
light emitting element 110 1n which a tensile stress 1s applied
to the semiconductor crystal layer. FIG. 7B 1illustrates char-
acteristics of the semiconductor light emitting element 119 1n
which a compressive stress 1s applied to the semiconductor
crystal layer. The horizontal axis of the drawings 1s the well
layer thickness t1. The vertical axis 1s the light emission
eificiency EF (an arbitrary unit). The drawings illustrate the
ciliciency EFtresulting from the thickness ol the well layer 32
and the efficiency EFx resulting from the In composition ratio
x 1n the well layer 32. The drawings illustrate characteristics
when the peak wavelength Ap of light emission 1s fixed. In this
example, the peak wavelength Ap 1s 440 nm.

As can be seen from FIG. 7B, 1 the semiconductor light
emitting element 119 1 which a compressive stress 1s
applied, the efficiency EFt resulting from the thickness of the
well layer 32 decreases as the well layer thickness tl
increases. This 1s because when the well layer thickness t1 1s
increased, the effect of confining carriers 1s reduced, for
example. On the other hand, the efficiency EFX resulting from
the In composition ratio X increases as the well layer thickness
t1 increases. This 1s because when the well layer thickness t1
1s 1ncreased, the equivalent band gap energy Eg 1s reduced,
and 1n order to compensate this the In composition ratio X 1s
reduced, which results 1n increased crystallinity, for example.
The actual efliciency EF 1s obtained through the effect of the
eificiency EFt and the effect of the efliciency EFx combined
together.

As can be seen from FIG. 7B, there 1s a trade-off between
the efficiency EFt resulting from the thickness of the well
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layer 32 and the efficiency EFx resulting from the In compo-
sition ratio X. Therefore, the efficiency EF 1s at the maximum
when the well layer thickness t 1s a certain value. In this
example, the efficiency EF 1s at the maximum when the well
layer thickness t1 1s approximately 3.2 nm (not less than 3.0
nm and not more than 3.5 nm). The maximum value of the
elficiency EF 1s approximately 40 (the arbitrary unit).

On the other hand, as can be seen from FIG. 7A, also 1n the
semiconductor light emitting element 110 1n which a tensile
stress 1s applied, the efficiency EFt resulting from the thick-
ness ol the well layer 32 decreases as the well layer thickness
t1 1ncreases. The efficiency EFx resulting from the In com-
position ratio X increases as the well layer thickness tl
increases. At this time, m the semiconductor light emitting
clement 110, the well layer thickness t1 at which the highest
eiliciency EF 1s obtained 1s smaller than in the semiconductor
light emitting element 119. In this example, the efficiency EF
1s at the maximum when the well layer thickness t1 1s approxi-
mately 2.2 nm (not less than 2.0 nm and not more than 2.5
nm). The maximum value of the efficiency EF 1s approxi-
mately 75 (the arbitrary unit). Thus, in the semiconductor
light emitting element 110, a higher efficiency EF 1s obtained
than in the semiconductor light emitting element 119.

A higher efficiency EF being thus obtained in the semicon-
ductor light emitting element 110 than 1n the semiconductor
light emitting element 119 1s due to the fact that the well layer
thickness t1 at which that efficiency EF 1s obtained 1s smaller.
This 1s because the relationship between the In composition
ratio X and the peak wavelength Ap 1s different between the
semiconductor light emitting element 110 and the semicon-
ductor light emitting element 119, as 1llustrated 1n FIG. 5.

That 1s, 1n the semiconductor light emitting element 110
according to the embodiment, the first semiconductor layer
10 and the second semiconductor layer 20 have an in-plane
tensile stress. Thereby, a relationship between the In compo-
sition rati1o x and the peak wavelength Ap different from that
in the case where a compressive strain 1s provided (the semi-
conductor light emitting element 119) 1s obtained. Specifi-
cally, 1n the case where the light emitting layer 30 1s config-
ured so as to obtain a peak wavelength substantially equal to
a prescribed peak wavelength Ap, the In composition ratio X 1s
lower than the In composition ratio of a well layer 1n which
the lattice length 1s substantially equal to the lattice constant.
In other words, the In composition ratio x for obtaining a
desired peak wavelength Ap 1s low. By the In composition
ratio x being low, high crystallinity can be maintained.

In other words, 1n the case where the light emitting layer 30
1s configured so as to obtain a peak wavelength substantially
equal to a prescribed peak wavelength Ap, the well layer
thickness tl1 1s smaller than the thickness of a well layer in
which the lattice length 1s substantially equal to the lattice
constant. When the well layer thickness tl1 1s reduced to
increase the effect of confining carriers to enhance the light
emission elficiency, the decrease in the peak wavelength Ap
due to the reduction 1n the well layer thickness t1 1s compen-
sated by the increase 1n the peak wavelength Ap due to the
tensile strain. Thereby, desired characteristics are obtained
without compensating the decrease in the peak wavelength Ap
due to the reduction 1n the well layer thickness t1 with an
increase in the In composition ratio x.

Thus, 1n the embodiment, the effect of confining carriers 1s
increased by reducing the well layer thickness t1. Conse-
quently, the region where the distribution of electrons and the
distribution of holes overlap (overlap integral) 1s increased.
Thereby, a high light emission efficiency can be obtained.

When the first semiconductor layer 10 and the second
semiconductor layer 20 have a tensile stress and the tensile
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stress 1s excessively large, a crack may occur, for example.
Hence, 1t 1s generally considered that these semiconductor
layers are preferably made to have no tension. When a nitride
semiconductor layer 1s formed on a silicon substrate, a tensile
stress 1s likely to occur 1n the nitride semiconductor layer and
a crack 1s likely to occur, for example. Thus, there are many
reports on means for reducing the tensile stress, for example
applying a compressive stress. That 1s, 1n general, the 1dea of
applying no tensile stress or reducing the tensile stress 1s
adopted.

In contrast, 1n the embodiment, a moderate tensile strain 1s
given to the semiconductor layer. The tensile strain 1s posi-
tively utilized. That 1s, by providing the first semiconductor
layer 10 with a tensile strain, the compressive stress (com-
pressive strain) generated in the well layer 32 due to the lattice
constant between the first semiconductor layer 10 and the
well layer 32 1s reduced. Thus, by controlling the band gap
energy of the well layer 32, for example by reducing the
thickness of the well layer 32 for obtaining a peak wavelength
Ap of the objective, the light emission elliciency 1s improved.
The In composition ratio x for obtaining a peak wavelength
Ap of the objective 1s reduced to enhance crystallinity, and the
light emission efficiency 1s improved, for example.

Examples of the strain of the first semiconductor layer 10
and the second semiconductor layer 20 will now be described.

FIG. 8 1s a graph 1llustrating characteristics of semicon-
ductor light emitting elements.

FIG. 8 illustrates Raman spectra of the GaN crystal used
tor the first semiconductor layer 10 and the second semicon-
ductor layer 20. In this example, characteristics when the
GaN crystal has a tensile strain (for example, the semicon-
ductor light emitting element 110) and characteristics when
the GaNlN crystal has a compressive strain (for example, the
semiconductor light emitting element 119) are illustrated.
The horizontal axis of FIG. 8 is the wave number RS (cm™).
The vertical axis 1s the intensity Int (an arbitrary unit).

As shown 1n F1G. 8, the wave number RS0 1n a GaN crystal
with no strain is approximately 568 cm™". In the conditions
ST where the wave number RS of the peak of the Raman
spectrum 1s smaller than that value, the GalN crystal has a
tensile strain. In the conditions SC where the wave number
RS of the peak of the Raman spectrum 1s larger than that
value, the GaN crystal has a compressive strain.

Asillustrated 1n FIG. 8, in the semiconductor light emitting
clement 110, the wave number RS of the peak of the Raman
spectrum is approximately 566 cm™". On the other hand, in
the semiconductor light emitting element 119, the wave num-
ber RS of the peak of the Raman spectrum 1s approximately
570 cm™'. This shows that, in the semiconductor light emit-
ting element 110, the GaN crystal has a tensile strain; and in
the semiconductor light emitting element 119, the GaN layer
has a compressive strain.

Thus, the strain that the crystal layer has can be assessed
from the shift of the Rama spectrum.

When the lattice constant of the crystal layer (the lattice
spacing when there 1s no strain) 1s denoted by SO and the
actual lattice length of the crystal layer (the lattice spacing) 1s
denoted by S1, the strain SS 1s expressed by Formula 3.

SS=(S1-50)/50x 100% (3)

When the strain SS 1s plus, the crystal layer has a tensile
stress. When the strain SS 1s minus, the crystal layer has a
compressive stress.

Such a strain SS can be calculated from the Raman spec-
trum as mentioned above. The wave number of the crystal
layer when there 1s no strain 1s denoted by RS0, and the wave
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number of the crystal layer when it has a strain 1s denoted by
RS1. At this time, the strain SS1 can be found practically by
Formula 4.

SS1=(RS1-RS0)/1200 (4)

That s, the strain SS1 calculated from the Raman spectrum
can be used practically as the strain SS of the crystal layer.

In the example shown in FIG. 8, 1t 1s found that in the
semiconductor light emitting element 110, the first semicon-
ductor layer 10 has a tensile strain (SS1) 01 0.1%. On the other
hand, 1t 1s found that 1n the semiconductor light emitting
clement 119, the first semiconductor layer 10 has a compres-
stve strain (SS1) of 0.15%.

In the embodiment, the tensile strain that the first semicon-
ductor layer 10 has 1s preferably not less than 0.02% and not
more than 0.25%. If the tensile strain 1s smaller than 0.02%,
the eflect ol mmproving the light emission efficiency 1s
reduced. If the tensile strain 1s larger than 0.25%, a crack or
the like 1s likely to occur, for example. In the embodiment, the
tensile strain 1s more preferably 0.03% or more. Thereby, the
elfect of improving the light emission efficiency 1s further
increased. In the embodiment, the tensile strain 1s still more
preferably 0.05% or more. Thereby, the effect of improving
the light emission efliciency 1s still further increased. On the
other hand, the tensile strain 1s more preferably 0.2% or less.
Thereby, the occurrence of a crack can be more suppressed.

Formula 2 above i1s eflective when the magnitude of the
tensile strain that the first semiconductor layer 10 and the
second semiconductor layer 20 have 1s not less than 0.02%
and not more than 0.25%.

In the embodiment, 1t 1s approximated that the relationship
between the In composition ratio x and the peak wavelength
Ap 1s invariant when the tensile strain 1s not less than 0.02%
and not more than 0.25%.

In an example according to the embodiment, when the
tensile strain 1s not less than 0.02% and not more than 0.25%
and the peak wavelength Ap 1s not less than 410 nm and not
more than 470 nm, the well layer thickness t1 1s not less than
2.0 nm and not more than 4.5 nm, and at this time the In
composition ratio X 1s not less than 0.1 and not more than 0.22,
for example.

In another example according to the embodiment, when the
tensile strain 1s not less than 0.03% and not more than 0.25%
and the peak wavelength Ap 1s not less than 430 nm and not
more than 450 nm, the well layer thickness t1 1s not less than
2.0 nm and not more than 3.5 nm, and at this time the In
composition ratio x 1snotless than 0.1 and notmore than 0.18,
for example.

In yet another example according to the embodiment, when
the tensile strain 1s not less than 0.05% and not more than
0.2% and the peak wavelength Ap 1s not less than 430 nm and
not more than 450 nm, the well layer thickness tl 1s not less
than 2.0 nm and not more than 3.5 nm, and at this time the In
composition ratio X 1s not less than 0.11 and not more than
0.18, for example.

The semiconductor layer (the stacked body of the first
semiconductor layer 10, the light emitting layer 30, and the
second semiconductor layer 20) 1n the semiconductor light
emitting element 110 according to the embodiment may be
formed on a silicon crystal (a silicon substrate) with a surface
of the (111) plane, for example. In this case, the crystal of the
semiconductor layer 1s oriented substantially 1n the c-axis
direction. The angle between the c-axis direction of the first
semiconductor layer 10 and the stacking direction (the Z-axis
direction)1s 5 degrees or less, for example. The angle between
the c-axis direction and the X-Y plane (also the interface
between the first semiconductor layer 10 and the light emat-
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ting layer 30 1s possible) 1s not less than 85 degrees and not
more than 95 degrees, for example.

The equivalent lattice length of a silicon crystal with a
surface of the (111) plane 1s larger than the lattice constant 1n
the a-axis direction of a gallium nitride crystal. The thermal
expansion coellicient of a silicon crystal 1s smaller than the
thermal expansion coellicient of a gallium nitride crystal.
Theretfore, when gallium mitride 1s formed by crystal growth
on a silicon crystal with a surface of the (111) plane and then
the temperature 1s lowered to room temperature, the gallium
nitride crystal 1s likely to receive an in-plane tensile stress.
Thus, as a method for providing the first semiconductor layer
10 and the second semiconductor layer 20 with a tensile
strain, there 1s a method 1n which these semiconductor layers
are formed on a silicon crystal with a surface of the (111)
plane. That 1s, a silicon crystal substrate with a surface of the
(111) plane can be used as the growth substrate 50.

In the semiconductor light emitting element 110 illustrated
in FI1G. 2, semiconductor layers are formed by crystal growth
on the growth substrate 50, then the growth substrate 50 1s
peeled off, and the semiconductor layers are joined to the
support substrate 40. Thus, even after the growth substrate 1s
peeled off, the tensile strain generated 1n the semiconductor
layers still remains. The remaining tensile strain can be esti-
mated by the Raman spectrum of the semiconductor layers,
for example.

A method for calculating the thickness of the well layer 32
and the In composition ratio x 1n the well layer 32 will now be
described. In the following, the case where the light emitting
layer 30 has an MQW structure, which 1s a complicated
structure, 1s described. In the following, the case where a GaN
crystal layer and the light emitting layer 30 are formed by
crystal growth on a silicon crystal substrate with a surface of
the (111) plane 1s described as an example.

FI1G. 9 1s a diagram 1llustrating the result of X-ray diffrac-
tion (XRD) of the semiconductor light emitting element.

The horizontal axis of FIG. 9 1s the angle 20 (degrees), and
the vertical axis represents the intensity DI (counts/second).
The X-ray used for the XRD 1s a CuKa line. The wavelength
of the X-ray used for the XRD 1s 0.1541838 nm.

First, using XRD, the strain (stress) in the GaN crystal layer
(the first semiconductor layer 10 or the like), the average In
composition ratio in the light emitting layer 30, and the period
in the light emitting layer 30 (the total thickness of the well
layer thickness t1 and the barrier layer t2) are found.

That 1s, first, the peak from the Si crystal 1s 1dentified from
the result of the XRD of FIG. 9. In FIG. 9, the peak indicated
by A 1s diffraction from the Si crystal. It 1s assumed that there
1s no strain 1n the Si substrate crystal at this time. Subse-
quently, the peak from the GaN crystal layer 1s identified, and
the strain of the GaN crystal layer 1s calculated from the angle
20 of the diffraction peak. In FI1G. 9, the peak indicated by B
corresponds to diffraction from the GaNlN crystal layer. Taking
the diffraction peak from the Si1 crystal as a reference, the
lattice length 1n the c-axis direction of the GaN layer of this
sample 1s found to be approximately 0.1% shorter than the
lattice length 1n the c-axis direction of a GaN crystal with no
strain. That 1s, 1n this sample, it 1s found that the lattice length
in the a-axis direction of the GaNN crystal layer 1s longer than
the value of no strain (the lattice constant 1n the a-axis direc-
tion), and that the GaN crystal layer has a tensile strain in the
a-axis direction. The direction of the tensile strain (tensile
stress) and the compressive strain (compressive stress) has
been defined by the expansion and contraction from the lattice
constant of the lattice length in the a-axis direction. Next, the
peak MQW-P of the light emitting layer 30 1s 1dentified, and
the average In composition ratio in the light emitting layer 30
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of InGaN/GaN 1s calculated. At this time, the light emitting
layer 30 1s assumed to be a single layer having the average In
composition ratio. In this measurement result, the diffraction
peak corresponding to the light emitting layer 30 1s indicated
by C. The lattice length 1n the c-axis direction 1s found from
this peak, and the In composition ratio of the light emitting
layer 30 (the average In composition ratio in the light emitting
layer 30) 1s estimated. In this case, the average In composition
ratio 1s 0.0522.

Further, the spacing of MQW-S 1s found from a satellite
peak (indicated by D in FIG. 9) that appears accompanyingly
around the peak from the light emitting layer 30, and the
period of the interior of the light emitting layer 30 1s esti-
mated. Herein, a combination of the well layer 32 and the
barrier layer 34 1s taken as one pair, and the thickness of the
one pair (period) 1s calculated to be 8.12 nm.

On the other hand, the thickness of the well layer 32 1s
obtained from the observation result of a transmission elec-
tron microscope (TEM).

FIG. 10 1s a photograph illustrating an observed image of a
transmission electron microscope of the semiconductor light
emitting element.

From the observed image of the TEM shown 1n FIG. 10, the
thickness of one well layer 32 (the well layer thickness t1) in
this sample 1s found to be 2.7 nm. The thickness of the barrier
layer 34 (the barrier layer thickness t2) 1s found to be 5.4 nm.
These values substantially agree with the thickness of the one
pair found from the XRD mentioned above (8.12 nm). From
the well layer thickness t1, the barrier layer thickness t2, and
the average In composition ratio, the In composition ratio x of
the well layer 32 1s found to be 0.155.

Thus, 1n the light emitting layer 30 having an MQW struc-
ture, the thickness of one well layer 32 (the well layer thick-
ness t1) and the In composition ratio x can be found. On the
other hand, the semiconductor light emitting element 1s oper-
ated, and an emission spectrum 1s used to find the peak wave-
length Ap.

FIG. 11 1s a diagram 1illustrating an emission spectrum of
the semiconductor light emitting element.

FIG. 11 shows an emission spectrum of the sample of the
XRD and the TEM observation mentioned above. The hori-
zontal axis of FIG. 10 1s the wavelength A (nm), and the
vertical axis 1s the intensity Int (an arbitrary unit). As can be
seen from FIG. 10, the peak wavelength Ap of light emission
1s 441.6 nm. In this way, the well layer thickness t1, the In
composition ratio x of the well layer 32, and the peak wave-
length Ap 1n the semiconductor light emitting element can be
found. Examples of the measured values of the relationships
between them are shown 1n FIG. 1.

There are many reports on the relationship between the In
composition ratio X and the band gap energy 1n InGaNlN crys-
tals. It 1s possible to some extent to discuss the peak wave-
length 1n the semiconductor light emitting element using an
InGaN crystal for the active layer on the basis of those reports.
However, 1n the case where InGaN 1s used as the well layer 1n
the semiconductor light emitting element, the thin film InGaN
crystal layer sandwiched by a GaN crystal with a smaller
lattice constant recerves a stress, whereas there are few find-
ings on the stress dependence of the band gap. Hence, 1t 1s not
casy to correctly estimate the relationship between the In
composition ratio and the band gap 1n the well layer contain-
ing InGaN.

Furthermore, the stress 1n the GaN crystal layer varies
between when a GaNN crystal layer of an underlayer 1s grown
on a sapphire substrate and when 1t 1s grown on a S1 substrate.
Theretfore, the stress applied to the well layer containing
InGaN 1s more complicated. In addition, there are influences
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of the quantum level formed 1n accordance with the width of
the well layer etc. Therefore, 1t1s actually difficult to correctly
calculate the peak wavelength from design values of the semi-
conductor light emitting element including an InGaN-based
well layer. Thus, 1t 1s effective to set the conditions of the GaN
crystal layer of an underlayer, the In composition ratio of the
well layer, the width of the well layer, etc., and then accumu-
late data regarding the band gap and the peak wavelength
using experiential findings.

The mventors of this application has fabricated various
semiconductor light emitting elements under conditions
where the internal stress of the GalN layer of an underlayer 1s
different, and has actually measured the relationship between
the In composition ratio of the well layer and the peak wave-
length of the semiconductor light emitting element. Then,
data were accumulated regarding how the relationship
changes with the thickness of the well layer. That 1s, the
growth parameter of an MOCVD apparatus for forming GaN/
InGaN-based semiconductor light emitting elements was
changed, and various semiconductor light emitting elements
were fabricated. Then, the MQW structures 1in the semicon-
ductor light emitting elements were analyzed, and the rela-
tionships between the thickness of the well layer (the well
layer thickness t1), the In composition ratio x of the well
layer, and the peak wavelength Ap were investigated. Thus,
the configuration according to the embodiment has been
found.

Next, an example of the influence that the density of dis-
locations produced 1n the semiconductor crystal layer has on
the characteristics of the semiconductor light emitting ele-
ment 1s described.

FI1G. 12 15 a graph 1llustrating characteristics of the semi-
conductor light emitting element.

The horizontal axis of FI1G. 12 1s the In composition ratio x
of the well layer 32, and the vertical axis 1s the peak wave-
length Ap (nm).

FI1G. 12 shows characteristics when the dislocation density
in the semiconductor crystal layer is 1.5x10” cm™ or less
(SL1) and characteristics when the dislocation density 1n the
semiconductor crystal layer is higher than 1.5x10° c¢cm™
(SL2). Herein, the well layer thickness t1 1s 3.0 nm.

As can be seen from FIG. 12, the peak wavelength Ap 1s
longer when the dislocation density in the semiconductor
crystal layer is higher than 1.5x10” cm™ (characteristics
SL2) than when the dislocation density is 1.5x10” cm™ or
less (characteristics SL1).

This 1s presumed to be because, although at this time the
tensile strain that the first semiconductor layer 10 has 1s
invariant (approximately 0.1%), the compressive stress in the
well layer 32 containing InGalN of the light emitting layer 20
1s relaxed by dislocations, and the bang gap energy Eg is
narrowed. I a dislocation (or a defect) has occurred 1n the
InGaN layer, the dislocation (or defect) forms a non-light
emission recoupling center. Consequently, the light emission
eificiency of the semiconductor light emitting element
becomes very low.

That is, when the dislocation density is 1.5x10” cm™ or
more, the In composition for obtaining the same wavelength
1s low, but the light emission efficiency 1s very low. Hence, 1n
the embodiment, the dislocation density 1n the semiconductor
layer is preferably 1.5x10” cm™ or less.

During the growth of the GaN layer, 1sland-like (three-
dimensional) growth and lateral (two-dimensional) growth
may be performed repeatedly. Thereby, a GaN crystal layer
with a low dislocation density can be easily formed on a S1
substrate, for example. The 1sland-like growth of the GaN
layer and the lateral growth of the GaN layer can be controlled
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by at least one of the temperature in the growth and the V/III
ratio. For example, when the V/III ratio 1s low, i1sland-like
growth 1s likely to occur. When the V/III ratio 1s high, lateral
growth 1s likely to occur. The V/III ratio 1s the flow rate ratio
between the group III maternal such as trimethylgallium and
the group V matenal such as ammonia, for example.

A stress control layer of AlGaN or the like may be inter-
posed to make it easier for the GalN layer grown thereon to
make 1sland-like growth. Furthermore, o-doping of S1 atoms
may be performed to make 1t easier for the GalN layer grown
thereon to make 1sland-like growth. In the d-doping, the sup-
ply of TMG 1s stopped to stop the growth of the GaN layer,
and ammomnia gas and silane gas are supplied to supply Si
atoms, for example.

When the density of 1slands of 1sland-like growth 1s high,
the effect of dislocation density reduction by means of the
combination with the lateral direction characteristics 1s high.
When the height of the 1sland 1s low, the effect of dislocation
density reduction by means of the combination with the lat-
cral direction characteristics 1s high.

In the embodiment, the light emitting layer 30 preferably
has an MQW structure. The number of pairs of the well layer
32 and the barrier layer 34 in the MQW structure 1s preferably
4 or more. The number of pairs 1s more preferably 8 or more.
In the embodiment, the flexibility of the thickness of the
barrier layer 34 (the barrier layer thickness t2) 1s relatively
high. When the thickness of the barrier layer 34 1s small, the
operating voltage of the semiconductor light emitting ele-
ment can be reduced, for example. The thickness of the bar-
rier layer 34 1s preferably 5.0 nm or less.

In the embodiment, the method for providing the semicon-
ductor layer with a tensile strain 1s arbitrary. For example, a
tensile strain can be generated by using a silicon substrate as
the growth substrate 50 1n growing the semiconductor layer
(nitride semiconductor). At this time, the growth conditions
for the semiconductor layer are set to conditions by which a
tensile strain 1s generated. On the other hand, when a sapphire
substrate 1s used as the growth substrate, in general a com-
pressive strain 1s formed in the semiconductor layer, for
example.

Other than this, a tensile strain may be generated 1n the
semiconductor layer by the support substrate 40, for example.
The thermal expansion coelficient of the support substrate 40
1s set larger than the thermal expansion coelficient of the
semiconductor layer, for example. Then, an appropriate heat
treatment may be performed to generate a tensile strain in the
semiconductor layer. The strain generated 1n the semiconduc-
tor layer may be adjusted by a strain adjustment layer.

FIG. 13 1s a schematic cross-sectional view illustrating
another semiconductor light emitting element according to
the embodiment.

A semiconductor light emitting element 120 shown 1n FI1G.
13 includes a GaN layer 15 (not shown), a first strain adjust-
ment layer 16, and a second strain adjustment layer 22. Oth-
erwise, the configuration 1s similar to the semiconductor light
emitting element 110, and a description 1s omitted.

The first semiconductor layer 10 1s disposed between the
GaN layer 135 and the light emitting layer 30. The first strain
adjustment layer 16 1s disposed between the GaN layer 15 and
the first semiconductor layer 10. On the other hand, the sec-
ond strain adjustment layer 22 1s disposed between the second
semiconductor layer 20 and the light emitting layer 30.

The lattice constant of the first strain adjustment layer 16 1s
smaller than the lattice constant of the first semiconductor
layer 10. The first strain adjustment layer 16 includes an AIN
layer, for example. The first strain adjustment layer 16 may
include an AlGaN layer. By the first strain adjustment layer
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16, the magnitude of the tensile strain generated in the first
semiconductor layer 10 can be adjusted.

The lattice constant of the second strain adjustment layer
22 1s smaller than the lattice constant of the first semiconduc-
tor layer 10. The second strain adjustment layer 22 includes
an AIN layer, for example. The second strain adjustment layer
22 may include an AlGaN layer. The second strain adjustment
layer 22 adjusts the tensile strain generated in the first semi-
conductor layer 10 and the second semiconductor layer 20,
for example.

FIG. 14 1s a schematic cross-sectional view illustrating
another semiconductor light emitting element according to
the embodiment.

As shown 1n FIG. 14, 1n a semiconductor light emitting
clement 130 according to the embodiment, a butfer layer 12
including an AIN layer and an AlGaN layer 1s disposed on the
growth substrate 50. A plurality of 1-GaN layers 14a and a
plurality of AIN layers 145 are alternately provided on the
bufilerlayer12. The thickness of the 1-GaN layer 14 1s 300 nm,
for example. The thickness of the AIN layer 145 1s 15 nm, for
example. The first semiconductor layer 10 1s provided on
these layers. The first semiconductor layer 10 includes an
n-type GaN layer 18 with a thickness of 2 um and an 1-GaN
layer 17 with a thickness of 1 um.

An SLS (super lattice structure) layer 60 1s provided on the
first semiconductor layer 10. In the SLS layer 60, a plurality
of GaN layers and a plurality of InGaN layers are alternately
arranged. The thickness of the GaN layer 1s 3 nm, for
example. The In composition ratio in the InGaN layer 1s 0.07.
The thickness of the InGaN layer 1s 1 nm, for example. The
GaN layer and the InGaN layer are taken as one pair, and the
number of pairs 1s 30.

The light emitting layer 30 1s provided on the SLS layer 60.
The light emitting layer 30 has an MQW structure. In this
example, a combination of the barrier layer 34 and the well
layer 32 is taken as one pair, and the number of pairs 1s 8, for
example. GalN 1s used for the barrier layer 34, for example.
The thickness of the barrier layer 34 1s 5 nm, for example.
InGaN with an In composition ratio x of 0.15 1s used for the
well layer 32, for example. The thickness of the well layer 32
1s 3 nm, for example.

A p-type AlGaN layer with an Al composition ratio of 20%
(the second strain adjustment layer 22) 1s disposed on the light
emitting layer 30. A p-type GaN layer (the second semicon-
ductor layer 20) 1s disposed on the p-type AlGaN layer (the
second strain adjustment layer 22). The conductive layer 90
(for example, a retlection metal layer) 1s disposed on the
p-type GaNN layer (the second semiconductor layer 20). The
support substrate 40 1s provided on the retlection metal layer
90. As described above, the growth substrate 50 1s peeled off
to complete the element, for example.

A method for manufacturing a semiconductor light emit-
ting element according to the embodiment will now be
described. In the following, a method for manufacturing the
semiconductor light emitting element 130 1s described.

FIG. 15A to FIG. 15C, FIG. 16A to FIG. 16D, and FIG.
17A to FIG. 17F are schematic cross-sectional views 1n order
of the steps, 1llustrating a method for manufacturing a semi-
conductor light emitting element according to the embodi-
ment.

A silicon substrate with a surface of the (111) plane 1s
prepared as the growth substrate 50, for example. The thick-
ness of the growth substrate 50 1s approximately 525 um, for
example. The thickness of the growth substrate 30 may be not
less than 250 um and not more than 1000 um, for example.

Acid treatment washing 1s performed on the growth sub-
strate 50 (a silicon substrate). For example, acid washing
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treatment for removing the contaminants on the substrate
surface 1s performed, and then the growth substrate 30 1s
treated with a dilute hydrofluoric acid solution with a concen-
tration of approximately 1% for approximately one minute.
By the treatment, the silicon crystal surface of the growth
substrate 50 becomes a hydrogen-terminated surface struc-
ture, and becomes a water-repellent surface. The hydrogen
atoms covering the silicon crystal surface are eliminated at a
temperature of approximately 700° C. Thereby, a clean sili-
con crystal surface can be obtained. As another method for
obtaining a clean silicon crystal surface, there 1s a method 1n
which a silicon crystal substrate with the surface covered with

a thin natural oxide film 1s heat-treated at a high temperature
of 1000° C. or more.

The growth substrate S0 with the surface hydrogen-termi-
nated 1s mntroduced 1nto a film formation apparatus (MOCVD
apparatus) 1 which an organic metal and ammonia gas are
used as the source material. Also an ECR plasma sputtering
apparatus, an MBE apparatus, or the like may be used as the
film formation apparatus.

By the MOCVD apparatus, an AIN layer with a thickness
of 100 nm 1s formed at a film formation temperature of 1200°
C. At this time, TMA (trimethylaluminum) and NH; (ammo-
nia) are used as the source material. Then, the substrate tem-
perature 1s set to 1100° C., and TMG (trimethylgallium) 1s
added to form an AlGaN layer with an Al composition ratio of
25% and a thickness of 250 nm. The AIN layer and the AlGaN
layer thus formed correspond to the buffer layer 12.

After that, TMG (trimethylgallium) and NH, (ammonia)
are used as the source material to form the GaN layer 14a with
a thickness of not less than 0.3 um and not more than 1.0 um.
After that, the film formation temperature 1s lowered to 700°
C. to grow the AIN layer 145 with a thickness of 15 nm. The
AIN layer 14H functions as a stress adjustment layer 1n the
time of growth, for example. The GaN layer 14a and the AIN
layer 145 are alternately formed in plural.

Subsequently, the 1-GalN layer 17 1s formed, and the n-type
GaN layer 18 1s formed thereon. The thickness of the 1-GaN
layer 17 1s not less than 1 um and not more than 3 um, for
example. The thickness of the n-type GaN layer 18 1s not less
than 1 um and not more than 5 um. The impurity concentra-
tion in the n-type GaN layer 18 is 1x10"” cm™, for example.
The portion of the 1-GaN layer 17 and the n-type GaN layer 18
corresponds to the first semiconductor layer 10.

The SLS layer 60 1s formed on the first semiconductor layer
10. The light emitting layer 30 1s formed on the SLS layer 60.
An AlGaN layer with an Al composition ratio of 20% and a
thickness of 150 nm 1s formed as the second strain adjustment
layer 22 on the light emitting layer 30. The second semicon-
ductor layer 20 i1s formed on the second strain adjustment
layer 22. Doping of Mg may be performed on the second
strain adjustment layer 22. The doping concentration of Mg 1s
1x10*” cm™ or more, and is 1x10°° cm™. In the case where
a Mg doping layer 1s formed by the MOCVD method, the
doping concentration changes due to the memory effect. Con-
sequently, a uniform doping profile 1s not necessarily
obtained. Therefore, the doping concentration of Mg may
deviate from the range described above.

As the method for forming the semiconductor layer, also
the molecular beam epitaxy (MBE) method, the hydnde
vapor phase epitaxy (HVPE) method, or the like may be used
as well as the vapor deposition method (the MOCVD
method).

FIG. 15A 1illustrates a thin film crystal layer 70 thus
obtained. The thin film crystal layer 70 1s formed by epitaxial
growth.
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As shown 1n FIG. 135B, the conductive layer 90 1s formed
on the surface of the second semiconductor layer 20. The
conductive layer 90 functions as a reflection film and contact
layer. A silver nickel layer, which 1s a metal film containing
Ag, 1s formed as the conductive layer 90, for example. After
that, the support substrate 40 1s bonded via an intermediate
layer of a metal such as Ti, W, Pt, and Au (not shown) and a
bonding metal (for example, gold tin alloy (not shown)).
Copper or the like 1s used for the support substrate 40, which
1s electrically conductive. The thickness of the support sub-
strate 40 1s not less than 100 um and not more than 200 um, for
example. At least part of the conductive layer 90 serves as a
p-side electrode (the second electrode 82).

As shown in FIG. 15C, the growth substrate 50 1s removed.
That 1s, after the support substrate 40 1s bonded to the second
semiconductor layer 20 side, the growth substrate 50 1s
ground to be removed. At this time, after part of the growth
substrate 50 1s removed by grinding, the rest of the growth
substrate 50 1s removed by dry etching using SF gas as the
ctchant, for example. Thereby, the AIN layer (the butfer layer
12) formed on the growth substrate 50 at the beginning 1s
exposed, for example.

Here, the AIN layer has the property of increasing the level
of resistance components. Hence, for the semiconductor light
emitting element having the stacked structure described
above 1n regard to FIG. 14, there 1s an example 1n which an
AlN-based buffer layer (for example, the bufler layer 12
including an AIN layer) and an AIN-based stress-adjustment-
in-growth layer are removed to expose the n-type GaN layer
18 and then an n-side electrode 1s provided. Specifically, the
AlN-based buffer layer or the AIN layer has a high contact
resistance from the viewpoint of electrode formation. In addi-
tion, the level of series resistance components 1s mncreased.
Hence, 1n a common process, the AIN-based butlfer layer and
the AIN-based stress-adjustment-in-growth layer in the elec-
trode formation portion are removed to expose the n-type
GaN layer 1n the portion where the n-side electrode (the first
clectrode 81) will be formed.

On the other hand, imn the following, an example 1s
described including the case where the builer layer 12 1s
removed and on the other hand the AIN-based stress-adjust-
ment-in-growth layer 1s used as the first strain adjustment
layer.

As shown 1n FIG. 16A, the thin film crystal layer 70 1s
divided into nitride semiconductor crystal layer portions 70a
by the size of the element. At this time, the substrate side
below the p-type electrode (the second electrode 82) metal 1s
kept 1n the not-divided state.

Subsequently, as shown 1n FIG. 16B, a portion other than
the portion where the n-side electrode (the first electrode 81)
will be formed 1s protected by a mask 87, and the butifer layer
12 to the stress-adjustment-in-growth layer are removed by
etching to expose the first semiconductor layer 10 (n-type
GaNN).

After that, as shown 1 FIG. 16C, only the portion where
the n-side electrode (the first electrode 81) will be formed 1s
protected by a mask 89, and roughening processing with a
depth of approximately 500 nm 1s performed on the nitride
semiconductor surface (the first semiconductor layer 10) side
using a KOH solution. At this time, the AIN and the AlGaN
layer (the buflfer layer 12) exposed at the surface are removed
by the etching. The AIN-based stress-adjustment-in-growth
layer included 1n the thin film crystal layer 70 (the nitride
semiconductor crystal layer portion 70a) 1s removed by the
roughening processing of the mitride semiconductor surface.
However, the AIN-based stress-adjustment-in-growth layer
may not be removed but be left, and may be used as the first
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strain adjustment layer (see FIG. 16C). As shown 1n FIG.
16D, a p-type electrode and an n-type electrode are formed to
complete the element.

In the fabrication method described above, a sequence 1s
described in which the p-type electrode and the n-type elec-
trode are formed from both sides of the nitride semiconductor
crystal layer. However, 1t 1s also possible to form both elec-
trodes (the p-type electrode and the n-type electrode) on the
opposite side to the light extraction surface. A specific fabri-
cation method will now be described.

The process in which the stacked structure of a nitride
semiconductor thin film crystal having an LED structure 1s
formed by epitaxial growth on the growth substrate 50 with a
surface of the (111) plane1s similar to the above and a descrip-
tion 1s omitted. After the epitaxial growth of the mitride semi-
conductor thin film crystal growth layer of an LED structure
having a p-type GaN crystal layer on the surface 1s finished,
first, a protection film 85 1s formed on the entire surface of the
p-type GaN layer. After that, a part 1s opened, and etching
processing 1s performed. By the etching processing, the
p-type layer, the second strain adjustment layer 22, and the
light emitting layer 30 in the opening portion are etched to
expose the n-GaN layer 10 (see FIG. 17A).

After that, as shown 1n FIG. 17B, an ohmic contact 83 1s
formed on the exposed portion of the n-GaN layer. The ohmic
contact 83 contains at least one of Ti1, Al, N1, and Au, for
example.

After that, the protection film 835 covering the p-type GalN
layer 1s removed, and a protection film 84 1s formed 1n the n
clectrode formation portion. Then, the reflection metal layer
90 1s stacked on the surface of the p-type GaN layer. Silver or
an alloy containing silver as a main component 1s used for the
reflection metal layer 90, for example. An intermediate layer
(not shown) and a bonding metal layer are stacked on the
reflection metal layer 90, for example. At least one metal of
T1, W, Au, Pt, and Al 1s used for the intermediate layer. Gold
tin alloy 1s used for the bonding metal layer, for example.
After that, the support substrate 40 1s attached (see F1G. 17C).
A metal such as copper 1s used for the support substrate 40, for
example. The thickness of the support substrate 40 1s prefer-
ably approximately 100 to 200 um.

As shown 1n FIG. 17D, after the support substrate 40 1s
attached, the S1 substrate 50 used for the epitaxial growth 1s
peeled off to expose the AIN butfer layer 12. After the AIN
butler layer 1s exposed, roughening processing 1s performed
on the exposed surface. At this time, the AIN butfer layer 1s
removed. Then, the AIN-based stress-adjustment-in-growth
layer 1s removed. Alternatively, the AIN-based stress-adjust-
ment-in-growth layer 1s not removed but used as the first
strain adjustment layer 16 (see F1G. 17E). In such an element
fabrication process, there 1s no n-side electrode on the light
extraction surface. Therefore, roughening processing can be
performed on the entire surface.

After the roughening processing 1s finished, the n electrode
portion of the support substrate 40 of copper 1s opened. Sub-
sequently, the n extension electrode 1s exposed while being
insulated from the support substrate 40, and an 1interconnec-
tion of the n electrode 1s connected. The substrate 40 can be
utilized as the p-side electrode (see FIG. 17F).

Here, as described above, 1n the case where the n electrode
1s formed from the n-GaNN layer side, the support substrate 40
of copper 1s attached onto the flat p-GalN layer immediately
after the thin film crystal growth of an LED structure is
finished. In contrast, 1n the process in which the n electrode 1s
formed from the p-GaN layer side, the support substrate 40 of
copper 1s attached onto the p-type GalN layer in which the n
clectrode portion has been formed beforehand. That 1s, 1t 1s
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necessary to attach the support substrate 40 of copper onto a
surface with a portion having the unevenness of processing
(not flat). At the time of attachment, the unevenness of the
bonding surface 1s made to be followed by interposing the
bonding metal layer. However, degradation in bonding con-
ditions accompanying the occurrence of voids or the like may
occur as compared to attachment to a flat surface. To address
this problem, a method 1n which the support substrate 40 of
copper 1s formed by a plating process 1s an effective means,
rather than attaching the support substrate 40 of copper as a
plate-like substrate as described above.

Specifically, processing for preparing the formation of the
n electrode and the p electrode 1s performed on a substrate in
which a nitride semiconductor crystal layer of an LED struc-
ture 1s formed by epitaxial growth on the growth substrate 50.
After that, the reflection metal layer 90 and an intermediate
layer are stacked by a vapor deposition layer or by the sput-
tering method or the like. Silver or a metal containing silver as
a main component 1s used for the reflection metal layer 90. A
metal such as T1, W, and Pt 1s used for the intermediate layer,
for example. Subsequently, a seed layer containing at least
one of T1 and Cu 1s stacked, and the plating method 1s used to
form a copper layer with a thickness of approximately 100
um. In the case where the support substrate 40 of copper 1s
tormed by the plating method, a structure with high adhesion
to the unevenness of the electrode formation portion can be
fabricated.

The material of the conductive support substrate 40 may be
gold (thermal conductivity: 295 Wm™'K™" to 320 Wm™ 'K,
thermal expansion coefficient: 14.2x107° K1), silver (ther-
mal conductivity: 418 Wm™"K™', thermal expansion coeffi-
cient: 18.9x107°K™"), and the like, as well as copper (thermal
conductivity: 370 Wm™'K™" to 380 Wm 'K™', thermal
expansion coefficient: 16.6x107° K™'). The material of the
conductive support substrate 40 may be also aluminum (ther-
mal conductivity: 200 Wm™ "K' to 230 Wm™'K™', thermal
expansion coefficient: 23.1x107° K™1). In addition, the mate-
rial of the conductive support substrate 40 may be an alloy of
the metals mentioned above, an alloy using the metals men-
tioned above as the matrix, or the like. The conductive support
substrate 40 may have a stacked film structure in which a layer
of the metals mentioned above, including alloys, 1s used as a
main layer and another material 1s combined. That i1s, the
support substrate 40 of the embodiment contains a metal
selected from the group consisting of gold (Au), silver (Ag),
copper (Cu), and aluminum (Al) or an alloy containing two or
more selected from the group.

The embodiment provides a semiconductor light emitting
clement with a high light emission efficiency.

In the specification, “nitride semiconductor” includes all
semiconductors expressed by the chemical formula ot B, In,
Al Ga,__, N (O=x<l, Osy=l, O=z=l, x+y+z 1) in which the
composition ratios X, vy, and z are changed in the respective
ranges. Furthermore, also those further containing a group V
clement other than N (nitrogen), those further containing
various elements added 1n order to control various properties
such as the conductivity type, and those further containing
various elements unintentionally contained in the chemical
formula mentioned above are included 1n the “nitride semi-
conductor.”

Hereinabove, embodiments of the invention are described
with reference to specific examples. However, the invention 1s
not limited to these specific examples. For example, one
skilled 1n the art may appropriately select specific configura-
tions of components of semiconductor light emitting devices
such as light emitting layers and semiconductor layers from
known art and similarly practice the invention. Such practice
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1s 1ncluded 1n the scope of the invention to the extent that
similar effects thereto are obtained.

Further, any two or more components ol the specific
examples may be combined within the extent of technical
teasibility and are included in the scope of the embodiments
to the extent that the spirit of the embodiments 1s included.

Moreover, all semiconductor light emitting devices practi-
cable by an appropriate design modification by one skilled 1n
the art based on the semiconductor light emitting devices
described above as embodiments of the mvention also are
within the scope of the invention to the extent that the purport
of the embodiments of the invention 1s included.

Furthermore, various modifications and alterations within
the spirit of the invention will be readily apparent to those
skilled 1n the art.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not mtended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied 1n a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the mmventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What 1s claimed 1s:

1. A semiconductor light emitting element comprising:

a first semiconductor layer of a first conductivity type
containing a nitride semiconductor crystal;

a second semiconductor layer of a second conductivity
type containing a nitride semiconductor crystal; and

a light emitting layer provided between the first semicon-
ductor layer and the second semiconductor layer and
including a well layer with a thickness of t1 (nanom-
eters), the well layer including In Ga,_ N having an In
composition ratio X higher than 0 and lower than 1,

the first semiconductor layer having a tensile strain of not
less than 0.02 percent and not more than 0.25 percent 1n
a plane perpendicular to a stacking direction from the
first semiconductor layer toward the second semicon-
ductor layer,

the second semiconductor layer having a tensile strain 1n
the plane,

a lattice constant of the well layer being larger than a lattice
constant of the first semiconductor layer and larger than
a lattice constant of the second semiconductor layer,

a peak wavelength Ap (nanometers) of light emitted from
the light emitting layer satisiying a relationship of

=al+a2x(x+(t1-3.0)xa3),

the al being not less than 359 and not more than 363,

the a2 being not less than 534 and not more than 550,

the a3 being not less than 0.0205 and not more than 0.0235.

2. The element according to claim 1, wherein the first
semiconductor layer has a tensile strain of not less than 0.03
percent and not more than 0.25 percent 1n the plane.

3. The element according to claim 1, wherein the first
semiconductor layer has a tensile strain of not less than 0.05
percent and not more than 0.25 percent 1n the plane.

4. The element according to claim 1, wherein the first
semiconductor layer has a tensile strain of not less than 0.02
percent and not more than 0.2 percent 1n the plane.

5. The element according to claim 1, wherein the first
semiconductor layer has a tensile strain of not less than 0.03
percent and not more than 0.2 percent 1n the plane.
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6. The element according to claim 1, wherein the first
semiconductor layer has a tensile strain of not less than 0.05
percent and not more than 0.2 percent 1n the plane.

7. The element according to claim 1, wherein an angle
between a c-axis direction of the first semiconductor layer
and the stacking direction 1s 5 degrees or less.

8. The element according to claim 1, wherein an angle
between a c-axis direction of the first semiconductor layer
and the plane 1s not less than 85 degrees and not more than 95
degrees.

9. The element according to claim 1, wherein the first
semiconductor layer contains GaN.

10. The element according to claim 1, wherein the second
semiconductor layer contains GaN.

11. The element according to claim 1, wherein a thickness
of the well layer 1s 2.7 nanometers or less.

12. The element according to claim 1, wherein a thickness
of the well layer 1s 3.0 nanometers or less.

13. The element according to claim 1, wherein the peak
wavelength 1s not less than 430 nanometers and not more than
450 nanometers.

14. The element according to claim 1, wherein the peak
wavelength 1s not less than 410 nanometers and not more than
470 nanometers.

15. The element according to claim 1, wherein the In com-
position ratio of the well layer 15 0.2 or less.

16. The element according to claim 1, wherein a disloca-
tion density in the first semiconductor layer is 1.5x10” cm™
or less.

17. The element according to claim 1, wherein

the light emitting layer further includes a plurality of bar-
rier layers,
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the well layer 1s provided in plural,

a plurality of well layers and the plurality of barrier layers

are alternately arranged,

a number of the plurality of well layers 1s 4 or more, and

a number of the plurality of barrier layers i1s 4 or more.

18. The element according to claim 17, wherein the plural-
ity of barrier layers contain GalN.

19. The element according to claim 17, wherein a thickness
of the barrier layer 1s notless than 1.0 nanometer and not more
than 5.0 nanometers.

20. A semiconductor light emitting element comprising;:

a first semiconductor layer of a first conductivity type

containing a nitride semiconductor crystal in which a
lattice length 1s longer than a lattice constant;
a second semiconductor layer of a second conductivity
type containing a mtride semiconductor crystal in which
a lattice length 1s longer than a lattice constant; and

a light emitting layer provided between the first semicon-
ductor layer and the second semiconductor layer and
including a well layer with a thickness of t1 (nanom-
cters) 1 which a lattice length 1s shorter than a lattice
constant, the well layer including In Ga,_ N having an
In composition ratio X of higher than 0 and lower than 1,
the light emitting layer being configured to emit a pre-
scribed peak wavelength Ap,

at least one of the thickness of t1 being smaller than a

thickness of the well layer in which a lattice length 1s
substantially equal to a lattice constant and the In com-
position ratio X being lower than an In composition ratio
of the well layer 1n which a lattice length 1s substantially
equal to a lattice constant being satisfied when the light
emitting layer 1s configured so as to obtain a peak wave-
length substantially equal to the prescribed peak wave-
length Ap.
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